BLAST searches identified KIAA0056 as the mammastrates, we carried out a two-hybrid screen with the lian ortholog of C. elegans holocentric protein 6 (HCP-6). regulatory B/PR55 subunit. We isolated a human ho-HCP-6 is a kinetochore protein required for maintaining molog of C. elegans HCP6, a protein distantly related chromosomal rigidity and has partial sequence similarity to the condensin subunit hCAP-D2, and we named this with XCAP-D2/CNAP1/Cnd1, a non-SMC subunit of homolog hHCP-6. Both C. elegans HCP-6 and concondensin [11]. The region between amino acid residues densin are required for chromosome organization and 920 and 1120 of KIAA0056/hHCP-6, which is homolosegregation [7-11]. HCP-6 binding partners are ungous to CAP-D2, contains HEAT (huntingtin-elongation-A known, whereas condensin is composed of the strucsubunit-TOR) repeats, tandemly arranged bihelical tural maintenance of chromosomes proteins SMC2 structures that are thought to mediate protein-protein and SMC4 and of three non-SMC subunits [12]. Here interactions in other proteins [14] . Various chromosomewe show that hHCP-6 becomes phosphorylated during associated proteins including condensin's non-SMC mitosis and that its dephosphorylation by PP2A in vitro subunits hCAP-D2 and hCAP-G also contain HEAT redepends on B/PR55, suggesting that hHCP-6 is a peats [15] . Using a modified search method based on B/PR55-specific substrate of PP2A. Unlike condensin, a hidden Markov model (http://hmmer.wustl.edu), we hHCP-6 is localized in the nucleus in interphase, but identified several HEAT repeat-containing regions in similar to condensin, hHCP-6 associates with chromo-KIAA0056 ( Figure 1A ). somes during mitosis. hHCP-6 is part of a complex that contains SMC2, SMC4, kleisin-␤, and the previously uncharacterized HEAT repeat protein FLJ20311.
pearance of cyclin B and the partial dephosphorylation of Cdc27, a subunit of the anaphase-promoting complex (APC) (Figure 2A, upper panel, lane 4) . The more slowly migrating forms of hHCP-6 also disappeared when cells were released for 3 hr from a nocodazole arrest ( Figure  2B, lane 3) . We conclude that hHCP-6 is modified during mitosis.
To determine whether PP2A is required for the removal of hHCP-6's modification during mitotic exit, we treated nocodazole-arrested MCF-7 cells for 1 hr with DMSO, 0.1 M okadaic acid (OA), or 1 M OA, released the cells from the nocodazole block in the presence or absence of OA, and analyzed cell lysates 3 hr after the release by SDS-PAGE/immunoblotting ( Figure 2B ). We performed these experiments in MCF-7 cells whose treatment with 1 M OA is known to inhibit PP2A specifically, whereas the activity of PP1 is unaffected [16] . As a control for the specific inhibition of PP2A, we analyzed the activation of the MAP kinases Erk1 and Erk2 by using a phospho-p44/42-specific antibody ( was exclusively found in the cytoplasm, suggesting that the predicted NLS is functional. In mitosis, hHCP-6 staining overlapped with the DAPI stain of condensed chromosomes ( Figure 3A , panels c-e). In prometaphase, hHCP-6 decorated the entire lengths of the mitotic chromosomes in a dotted manner ( Figure 3A, panel c) . At the end of mitosis when chromosomes decondensed, the chromosomal staining of hHCP-6 disappeared and became more diffuse. In contrast to the holocentric kinetochore localization of C. elegans HCP6, no enrichment of hHCP-6 at kinetochores could be detected.
To determine if mitotic phosphorylation could have a role in the chromosome association of hHCP-6, we prepared lysates from logarithmically proliferating or nocodazole-arrested HeLa cells, separated chromatin/ chromosomes from the soluble fraction by centrifugation, and analyzed the resulting supernatant and pellet fractions by immunoblotting ( Figure 3C) . In proliferating cells, hHCP-6 was mostly detected in the supernatant, with a minor fraction in the pellet, indicating that the bulk of hHCP-6 is not stably associated with chromatin in interphase despite its nuclear localization. Consistent with the small percentage of mitotic cells in a proliferating cell population, only a small portion of hHCP-6 was phosphorylated, but this form was clearly enriched in the pellet. When cells were arrested in mitosis, the fraction of hHCP-6 that was recovered in the pellet increased significantly. Also, under these conditions the pellet bound hHCP-6 consisted almost exclusively of the phosphorylated form. It is therefore possible that the chromosomal association of hHCP-6 is regulated by phosphorylation. 1-2) by 7.5% SDS-PAGE and immunoblotting with anti-hHCP-6 (His1a) and SMC2 antibodies. or under native conditions (lanes 3-6) in a buffer consisting of 1% 4B and C) . These observations raised the possibility that SMC2 and SMC4 are part of two different identity of these proteins, we analyzed hHCP-6 immunoprecipitates by SDS-PAGE, silver staining, and mass protein complexes, one containing the three known non-SMC subunits and the other one containing hHCP-6, spectrometry ( Figure 4B ). The 175 kDa band contained both hHCP-6 and SMC4, the 145 kDa band contained FLJ20311, and kleisin-␤. Double immunofluorescence microscopy with hHCP-6 and SMC2 antibodies were SMC2, and the 135 kDa band contained a previously uncharacterized hypothetical protein called FLJ20311 consistent with this possibility because SMC2 colocalized partly but not completely with hHCP-6 ( Figure 3B ). (Figure 4B and data not shown) . The silver stain analysis also revealed additional bands of weak intensity with To test the possibility that SMC2 and SMC4 are part of two distinct complexes; we analyzed immunoprecipiapparent molecular masses around 90 kDa. Mass spectrometry identified these bands as kleisin-␤ ( Figure 4B tates obtained with either hCAP-D2 antibodies or SMC2 antibodies by immunoblotting. SMC2, SMC4, hCAP-D2, and data not shown). Immunoblotting with antibodies to SMC2, SMC4, hHCP-6, and kleisin-␤ confirmed the and hCAP-H/kleisin-␥ but not hHCP-6 and kleisin-␤ could be detected in the hCAP-D2 immunoprecipitates, presence of these proteins in immunoprecipitates obtained with hHCP-6 antibodies, whereas none of them whereas all proteins were found in the SMC2 precipitate ( Figure 4C ). We did not have hCAP-G antibodies, but could be detected in control immunoprecipitates (Figure
hHCP-6 Is Part of a Protein Complex that

